Bulowsvej 27, DK-1790 Copenhagen V, Denmark MASTITIS is the most costly disease affecting the dairy industry (Radostits and others 1994) . Its rapid and accurate diagnosis is crucial because it optimises the effect oftreatment and minimises the recovery time, thereby reducing production losses and improving the animals' welfare. The diagnosis of mastitis is based predominantly on a clinical examination, measurements of somatic cell count and the cultivation of pathogens from the milk, but the demand for objective and rapidly assessable markers of udder health has increased with the introduction of robotic milking systems. The acute phase proteins have recently been suggested as such indicators of inflammation in the mammary gland (Hirvonen and others 1999a, Eckersall and others 2001).
The acute phase response refers to a group of non-specific host responses to a wide variety of stimuli and it is characterised by changes in the concentrations of a number of hepatically synthesised plasma proteins -the so-called acute phase proteins (Baumann and Gauldie 1994) . Serum amyloid A and haptoglobin are the two major acute phase proteins in cattle. They are potentially useful as disease markers owing to their low concentration in normal animals, the rapid increase in their concentration during the acute phase of inflammation and their rapid decrease with the resolution of the disease others 1994, Eckersall 2000) .
The concentrations of these two acute phase proteins in bovine serum increase during either spontaneous or induced mastitis (Conner and others 1986 , Hirvonen and others 1996 , Salonen and others 1996 . Eckersall and others (2001) were the first to demonstrate significant increases in their concentrations in the milk of cows with clinical mastitis. Their results suggested that serum amyloid A was produced locally in the mammary gland, potentially making it an early, specific marker of mastitis, which might prove more sensitive than a bacteriological examination and less influenced by the physiological stage of the cow than the somatic cell count or the electrical conductivity of the milk (Sheldrake and others 1983, Biggadike and others 2002) . However, it is still not known whether inflammatory processes occurring outside the mammary gland influence its concentration in milk.
The aim of this study was to examine the relationships between the concentrations of the acute phase proteins in the serum and milk of cows with clinical mastitis, cows with miscellaneous inflammatory disorders other than mastitis, and clinically healthy cows.
MATERIALS AND METHODS

Animals
Samples were collected from 31 Danish red dairy cows from a commercial dairy farm with 260 cows. The cows were lactating, primi-and multiparous, and had calved more than 10 days previously. They were selected on the basis of a general clinical examination and examinations of the udder and milk samples; there were 10 cows with mastitis but free from any other clinical signs of inflammation, 11 cows with extramammary inflammatory disorders and 10 healthy control cows with no clinical signs of inflammation.
Samples
Blood samples were taken from a jugular vein into a vacutainer (PrecisionGlide; Becton Dickinson), left to clot for 18 to 20 hours and then centrifuged at 2500 g for 15 minutes; serum was separated and stored at -18°C until analysed for serum amyloid A and haptoglobin.
Milk samples were collected in sterile plastic vials. The surface of the teat end was disinfected by wiping it with clean cotton dipped in 95 per cent alcohol. Forestrips were milked out and then 5 to 10 ml were milked into the vial, which was held almost horizontally to avoid bacterial contamination; the samples were taken within three hours of milking. From the cows with mastitis, the milk samples were taken from a quarter with clinical signs of mastitis (quarter 1) and from the diagonally opposed quarter (quarter 2); from the other two groups the milk samples were taken from two diagonally opposed quarters, which were both free from signs of clinical mastitis.
The milk samples were examined by bacteriological cultivation, using standard methods, at a commercial laboratory. The somatic cell counts were assessed semiquantitatively by the California mastitis test (CMT) (Kruuse) according to the manufacturer's instructions. CMT values of 1 and 2, corresponding to a somatic cell count of less than 300,000, were accepted in the cows with extramammary inflammatory conditions and in the control cows. Samples of whole milk were stored at -I 80C until they were analysed for serum amyloid A and haptoglobin. 1000-4 logically positive samples from both quarters, one had sterile samples from both quarters and seven cows had positive samples from one quarter only. One quarter 1 sample was lost and the quarter 2 sample from this cow was sterile.
Serum amyloid A assay
Of the 21 cows in the other two groups, 13 had sterile samples from both quarters, three had positive samples from both quarters, four had a positive sample from one quarter, and both samples from the other cow were contaminated. The following pathogens were identified in the milk samples: coagulase-negative staphylococci/micrococci, coliforms, enterococci/S lactisiSfaecalis, and Staphylococcus aureus. Fig 1) . Linear regression analysis revealed that there was no correlation between its concentrations in serum and milk in any of the three groups. Four of the 11 cows with extramammary inflammatory conditions had serum amyloid A concentrations above 100 ,ug/ml (range 139.0 to 519-6 [tg/ml), but milk samples from them contained only minute amounts, with means of 3-3 and 11 -Iug/ml for quarters 1 and 2, respectively.
The concentration of serum amyloid A in milk increased significantly (P<0.02) with increasing CMT score (Fig 2) .
Concentrations of haptglobin in serum and milk
The concentrations of haptoglobin in both serum and milk were significantly different between the three groups (P<0.02 for serum, P<0-01 for quarter 1 and P<0-05 for quarter 2) with the mastitis group having the highest concentrations (Table 1, Fig 3) . Only two of the 11 cows with extramammary inflammatory disorders had serum haptoglobin concentrations above the detection limit (one cow with endometritis and one with an interdigital phlegmon) (Table 1, Fig 3) .
Linear regression analysis showed that there was a significant correlation between the concentrations of haptoglobin in the serum and the milk (quarter 1) of the cows with mastitis (P<0*05, r2=0-41).
The concentration of haptoglobin in milk increased significantly (P<0.01) with increasing CMT score (Fig 2) .
DISCUSSION
The acute phase proteins are non-specific markers of inflammation, the serum concentrations of which increase in response to several infections and inflammatory conditions. The Veterinairy Record, March 20, 2004 For them to be useful as specific indicators of mastitis it is therefore essential that they accumulate in milk only during episodes of mammary inflammation. The results of this study show that the concentrations of serum amyloid A and haptoglobin were higher in milk from infected quarters and that extramammary inflammatory processes that induced increases in the serum concentration of serum amyloid A were not accompanied by increases in its concentration in milk. An intramammary inflammatory stimulus thus seems to be required for the concentration of serum amyloid A in milk to increase. Whether the same is true for haptoglobin could not be assessed, because only one of the 11 cows with an extramammary inflammation had an increased serum concentration of haptoglobin. This was a surprising finding, because previous studies have observed increases in the concentration of haptoglobin in serum in a variety of inflammatory conditions (Skinner and others 1991, Alsemgeest and others 1994) . However, a variable response or a complete lack of a haptoglobin response has been reported in cows with metritis others 1998, Hirvonen and others 1999b) . The cows with mastitis had lower serum iron and higher fibrinogen concentrations than the cows with extramammary inflammations (data not shown) and it is possible that the cows with mastitis had a more acute or more severe inflammation.
The higher concentrations of acute phase proteins in the milk from infected quarters could be due either to their production within the gland or to their leakage across the bloodmilk barrier as a result of its disruption by the inflammation, or to a combination of these mechanisms. It has been shown that the permeability of the blood-milk barrier increases during episodes of mastitis allowing serum proteins to gain access to the milk (Shuster and others 1997 
